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Summary

Intracranial arterial dissecting diseases are 
rare and challenging diseases with a high asso-
ciated morbidity and mortality. Their common 
pathomechanic origin is related to blood enter-
ing the vessel wall via an endothelial and inti-
mal tear.

Depending on the fate of the thus established 
intramural hematoma, different symptoms may 
ensue including mass effect, subarachnoid hem-
orrhage or ischemia. If the mural hematoma 
ruptures all vascular layers of the intradural ar-
tery, a subarachnoid hemorrhagic will occur. If 
the intramural hematoma reopens distally into 
the parent vessel on the other hand, ischemic 
embolic events may happen following intramu-
ral clot formation.

If the mural hematoma does neither open it-
self into the parent vessel nor into the subarach-
noid space, the vessel wall may dilate leading to 
occlusion of perforator branches and local 
ischemia.

Organization of the mural hematoma may 
result in a chronic dissecting process which may 
eventually lead to formation of a “giant partial-
ly thrombosed” aneurysm with thrombus of 
varying ages within the vessel wall, ingrowth of 
vasa vasorum and recurrent dissections with 
subsequent growth of the aneurysm from the 
periphery.

Treatment strategies of these diseases should 
take the underlying pathomechanism into con-
sideration and include, depending on the pres-
entation medical treatment, parent vessel occlu-
sion, flow reversal or diversion, surgical options 
or a combined treatment protocol. 

Introduction

Arterial dissections are characterized by the 
sudden disruption of the endothelium, the inti-
ma and the internal elastic lamina with subse-
quent penetration of circulating blood into the 
media. The pathogenesis for most dissections is 
still unclear, and both extrinsic and intrinsic ag-
gressive factors and defective repair mecha-
nisms have been described to be involved in 
the etiology of dissections. Hypertension and 
smoking, but also inflammatory diseases (syph-
ilis), and genetic predispositions, fibromuscular 
dysplasia, collagen disease, and trauma are 
found to be associated with dissections 1.

The diagnosis of a dissection is classically 
made by the angiographic appearance with a 
double lumen, a focal vessel wall irregularity, a 
preaneurysmal narrowing and a fusiforme dila-
tation. On MRI, intramural thrombus, an ir-
regular vessel wall and a vessel wall flab can be 
seen. Based upon the classification of dissec-
tions by Mizutani et al. 2, different pathomecha-
nisms can be envisioned leading to either hem-
orrhagic, or ischemic symptoms or symptoms 
related to mass effect due to a dissection. If 
blood enters the subintimal space due to a 
subintimal vessel wall tear it may have differ-
ent pathologically distinct fates: 1. If the he-
matoma disrupts the entire vessel wall, a trans-
mural dissection is present: Clinical symptoms 
will depend on the surroundings of the vessel 
wall: a) an intradural transmural dissection will 
lead to a subarachnoid hemorrhage, b) if the 
transmural dissection occurs in a vessel seg-
ment that is surrounded by a venous plexus (i.e. 
the cavernous sinus or the vertebral venous 
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plexus at the atlantal loop, an arteriovenous fis-
tula will develop, c) if the transmural dissection 
occurs in soft tissues, a false aneurysm (i.e. ex-
tramural hematoma) will occur that may lead 
to mass effect, stenosis or occlusion of the par-
ent vessel. 2. If the dissection remains subinti-
mal, a subadventitial hematoma in the vessel 
wall will occur.

Clinical symptoms will again depend on the 
fate of this subadventitial hematoma: a) if there 
is reopening to the true vessel lumen, the he-
matoma (having clotted in the false lumen) can 
be washed out leading to distal emboli, the 
pathomechanism most commonly seen in adults 
in extradural ICA dissections, b) if the hemato-
ma grows inside the vessel wall, the wall itself 
will get bigger: this can lead to a progressive ste-

nosis of the true lumen (leading to hemodynam-
ic infarctions or embolic events due to critical 
narrowing and turbulent flow), in the intradural 
portion, this growing hematoma can lead to oc-
clusion of perforating branches coming off the 
dissected parent vessel leading to local ischemia, 
finally, c) if chronic, the intramural hematoma 
can organize in the vessel wall, vasa vasorum 
may sprout into the organizing hematoma and a 
growing intramural hematoma (due to repeti-
tive dissections) can occur leading to the aspect 
of a “giant partially thrombosed aneurysm” 3. 
Consequently, in dissecting diseases symptoms 
can be related either to mass effect, ischemia, or 
subarachnoid hemorrhage, or, in rare cases in a 
combination of different presenting symptoms 

4,5 (Figures 1 and 2). 

← Figure 1  This schematic representation describes the different pathomechanisms of intradural arterial dissecting dis-
eases. In the upper row an intradural vessel with a distal perforator is depicted. Blood enters the subintimal space due to a 
endothelial and intimal defect leading to intramural hematoma. Depending on the fate of this intramural hematoma, at least 
four different pathomechanisms are depicted below. If the hematoma disrupts the entire wall (middle row, left panel), blood 
enters the subarachnoid space leading to a hemorrhagic dissection and SAH. If the mural hematoma re-enters the parent 
vessel further distally (middle row, right panel), distal embolic events can occur. If the hematoma expands (lower row, left 
panel) local perforators can be occluded leading to local ischemia. Finally, if the hematoma organizes itself, recurrent dissec-
tions may occur leading to thrombus of varying ages within the vessel wall and the phenotypic expression of a “partially 
thrombosed” giant aneurysm.

Figure 2  This schematic drawing describes what is depicted in Figure 1 adding the possibility of healing mechanisms and 
either complete repair or incomplete repair that may be visualized as focal dolichosegments.



The Many Faces of Intracranial Arterial Dissections T. Krings

154

Dissections and Subarachnoid Hemorrhage

Subarachnoid hemorrhage (SAH) from 
spontaneous transmural dissection involving 
the intradural arteries is presumably the most 
common presenting symptom. Approximately 

1-10% of all non-traumatic SAH are related to 
a hemorrhagic dissection in the adult popula-
tion, in the pediatric agegroup, however, they 
represent one of the most common causes of 
SAH. They are more common in the posterior 
circulation compared to the anterior circula-

Figure 3  Hemor-
rhagic dissection of 
the right vertebral 
artery with the clas-
sical appearance of 
a fusiforme dissect-
ing aneurysm with 
preceeding narrow-
ing of the lumen. 

Figure 4  Hemor-
rhagic dissection of 
the middle cere-
bral artery.
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Figure 5  This pa-
tient presented with 
sudden onset of 
headaches and neu-
rological symptoms 
suggestive of poste-
rior fossa ischemia. 
T2 weighted se-
quences demon-
strate multiple foci 
of ischemia in the 
brainstem and the 
thalamus, the verte-
bral artery injec-
tions demonstrates 
a focal, narrowing 
and luminal irregu-
larity of the right 
vertebral artery as 
the most likely 
source of the pa-
tient’s emboli.

Figure 6  Focal per-
forator ischemia 
with infarction of 
the dorsolateral me-
dulla oblongata on 
the left. Notice the 
missing flow void on 
the left vertebral ar-
tery and the evi-
dence for the mural 
hematoma within 
the intra- and extra-
dural left vertebral 
artery.
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Figure 7  Different 
pathomechanisms 
can coexist in dis-
secting diseases: 
This patient pre-
sented with a deep 
perforator stroke, 
he developed a sub-
arachnoid hemor-
rhage over the 
course of a few days 
indicating perfora-
tor ischemia due to 
expansion of an in-
tramural hematoma 
followed by trans-
mural rupture.

tion presumably since the intradural vertebral 
artery has a thin media with fewer elastic fibers 
6. The most frequent angiographic demonstra-
tion is regular or irregular fusiform dilatation 
preceded by a stenotic segment (that repre-
sents the proximal start of the dissection) (Fig-
ures 3 and 4).

According to the classification proposed by 
Mizutani, they are the type I dissections with 
disruption of the internal elastic lamina, no in-
timal thickening and a pseudolumen opening 
to the surrounding subarachnoid space without 
reentry into the true lumen 2. Acutely ruptured 
dissections are unstable and have a tendency to 
rebleed in the acute phase with up to 70% of 
rebleeds in the first 24 hours, 80% of rebleeds 
in the first week and only 10% of rebleeds after 
one month 7.

The mortality rate of these re-bleeds is near-
ly 50%. In our practice, we base our treatment 
decision on this natural history with treatment 

of acute dissections (by parent vessel sacrifice 
or flow reversal) and a more conservative man-
agement when the patient is referred to us in 
the subacute stage (i.e. one month or later after 
the dissection occurred).

The aim of treatment in the acute phase is to 
secure the patient from rehemorrhage 8, taking 
into consideration that the disease process 
starts proximal to the fusiformely dilated vessel 
segment and more often than not is character-
ized by a focal narrowing of the vessel that pin-
points the entry point of the blood into the ves-
sel wall. Pseudoaneurysm coiling only may 
therefore lead to periprocedural or belated re-
hemorrhage since the dissected vessel wall is 
not completely excluded from the circulation. 
Stenting with subsequent coiling  in the acute 
setting is dangerous since the patient has to be 
put under aggressive antiaggregation in the 
acute phase of a transmural hemorrhage and 
early rebleeding may occur if the dissection is 
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Figure 8  Unen-
hanced sagittal T1 
weighted sequenc-
es, enhanced axial 
T1 weighted se-
quences and axial 
T2 weighted se-
quences at three 
timepoints over the 
course of 6 years. 
These pictures 
demonstrate the 
subsequent growth 
of a fusiforme par-
tially thrombosed 
giant aneurysm of 
the basilar artery 
with mural he-
matoma (methe-
moglobin signal on 
T1 weighted se-
quences) in the pe-
riphery of the an-
eurysm and subse-
quent mass effect 
on the brain stem.

not completely cured 9. When contemplating to 
preserve the vessel with these techniques the 
pathomechanism has to be kept in mind: coil-
ing of the dissected segment following stent 
protection may lead to deposition of coils into 
the subarachnoid space due to the transmual 
dissection with fatal rehemorrhage. The dense-
ly woven mesh of current flow diversion stents 
may constitute a treatment alternative since 
this mesh may help in pushing the dissection 
flap back against the wall thereby preventing 
further progression of the dissection. However, 
long-term results concerning neointimal hyper-
proliferation, especially in the pediatric age 
group are not yet available. This is why we still 
opt in most instances for a parent vessel occlu-
sion with occlusion of the dissected segment or 
flow reversal.

While in neonates and infants the leptome-
ningeal collateral supply is usually sufficient to 
prevent from subsequent ischemia, this treat-

ment may have to be preceded by surgical dis-
tal bypasses in adults when collateral circula-
tion is deemed insufficient 4. 

Dissections and Ischemia  

A second potential presenting symptom of a 
dissection is ischemia that can be either related 
to distal emboli (predominantly in extradural 
and only rarely in intradural dissections – that 
may be due to stenosis or reopening of the dis-
section into the true lumen) or local perforator 
occlusion (in intradural dissections with mural 
hematoma) (Figures 5 and 6). On angiography, 
either intra- or, more commonly, extradural dis-
sections are perceived. The angiographic ap-
pearance is that of an acute stenosis that is re-
lated to the intramural hemorrhage compress-
ing the true vessel. On cross-sectional imaging, 
this intramural hematoma can be perceived in 
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the acute stages of an dissection as a crescent 
shaped hyperintensity in the vessel wall on T1 
weighted fat-suppressed images 10. If there is 
reentry of the dissection into the true lumen, 
clot may dislodge and lead to distal emboli, 
however, embolic events may also occur due to 
thrombus formation within the stenotic vessel, 
hemodynamic infarctions are rare, especially in 
the posterior circulation 11.

Intradurally, the mural hematoma may in-
volve perforators and thereby occlude them. 
Treatment of these dissections is challenging 
and depends on the presumed pathomecha-
nism: In embolic strokes it is presumed that 
acute anticoagulation or antiaggregation 
presents the best treatment option to prevent 
secondary embolic events 12. If perforator oc-
clusion however is suspected, one may contem-
plate proximal parent vessel occlusion to pre-
vent further mural expansion by the inflowing 
and trapped blood.

Perforator occlusion has to be considered if 
ischemia is present in the territory of local per-
forators at the site of the dissection 13. If in 
these patients under conservative therapy a 
secondary stroke was to occur and imaging was 
to show expansion of the intramural hemato-
ma, we would suggest parent vessel occlusion 
to stop the blood from entering the dissection 
cavity. If hemodynamic strokes were present in 
the setting of an insufficient circle of Willis and 
a high grade stenosis due to the dissection, a 
stenting procedure to enhance distal bloodflow 
may have to be considered.

In rare instances ischemic and hemorrhagic 
presentations may occur simultaneously, in 
these instances, expansion of the wall leading 
to perforator ischemia AND subsequent trans-
mural dissection leading to SAH are present 
(Figure 7).

Dissections and “Giant Partially Thrombosed” 
Aneurysms 

The third presenting pathomechanism of 
dissecting diseases is the so called “giant par-
tially thrombosed aneurysm”. Histological ex-
aminations of thrombosed giant aneurysm 
demonstrate more recent hemorrhage between 
old thrombus and the aneurysm wall with 
clefts of fresh blood present, indicative of a 
dissection of the aneurismal wall by blood flow 

14,15. This theory is further corroborated by 
studies that describe organized laminar throm-
bus with evidence for a dissection of the vessel 
wall 2. In the so-called type 3 dissecting aneu-
rysms according to the Mizutani classification 
fragmentation of the internal elastic lamina 
combined with multiple dissections of the 
thickened intima and repetitive thrombus for-
mation at the site of intimal dissection is found. 
These histologiocal findings are further backed 
by imaging studies that suggest that the forma-
tion of intracranial partially thrombosed giant 
artery aneurysms is due to a subacute recur-
rent dissection processes with repeated subad-
ventitial haemorrhages 16,17. In the vast major-
ity of patients with partially thrombosed aneu-
rysms, a hyperintensity on non-enhanced T1-
weighted images indicative of fresh hemor-
rhage is present within the thrombus along the 
aneurismal wall and away from the patent lu-
men 18. An enhancing rim can be perceived 
with perifocal edema and an onion-skin ap-
pearance of a multilayered thrombus wall is 
present 3,19. From a clinical point of view, these 
aneurysms rarely present with subarachnoid 
hemorrhage, but rather lead to mass effect due 
to repetitive intramural hemorrhages (as iden-
tified by a methemoglobin rim distant from 
the perfused lumen in the outer vessel wall, 

Figure 9  An in-
completely healed 
dissection can re-
semble a focal doli-
chosegment. If no 
wall disorder is 
visualized as in this 
example, these 
dolichosegments 
are followed con-
servatively.
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perifocal edema and an onion skin appearance 
of the intramural hematoma suggesting blood 
of varying ages and subsequent growth over 
time) 20-22 (Figure 8). Treatment of these le-
sions is probably the greatest challenge of all 
dissecting processes since they may be regard-
ed as a proliferative disease of the vessel wall 
with growth induced by extravascular activity. 
It has been demonstrated that these aneurysms 
can regrow even following parent vessel occlu-
sion 20,23. A purely endoluminal treatment is 
unlikely to stop the disease process, either, 
since in those patients treated with coils, aneu-
rysms will regrow over time, maybe due to coil 
compaction maybe due to the fact that the 
pathological process is maintained in the ves-
sel wall 24. Ideal treatment should be complete 
surgical excision of the lesion, however, this 
procedure might only be possible after distal 
and proximal vessel wall occlusion (trapping) 
which might not be tolerated by the patient 
depending on the location of the aneurysm. 
Apart from medical, i.e. anti-inflammatory 
treatment (such as steroids), one might also 
consider parent vessel occlusion, flow reversal 
to stop the dissecting process or remodelling 
of the vessel employing curative reconstruc-
tion devices (flow diverters) with dense stent 
meshes.

Dissections and Healing Processes

If left untreated, the histopathologic healing 
response involves covering of the entire area of 
the disrupted arterial wall with neointima. Ves-
sel wall healing occurs from the disrupted ends 
of the media toward the ruptured portion. The 
healing mechanism may be delayed under sev-
eral conditions such as aneurysms with exten-
sive defects of the aneurysmal wall in the rup-
tured portion (i.e. large aneurysms), aneurysms 
with abundant thrombus in the ruptured por-
tion (since neointima may appear in accordance 
with retraction of the thrombus), or aneurysms 
in which the media is completely separated 
from the adventitia 25. In addition, in underlying 
vessel wall diseases the healing response may be 
insufficient. In cases where the patient survives 
the acute dissection without treatment, once the 
dissection has entered into a chronic stage, ei-
ther complete repair of the vessel or an incom-
plete repair may therefore be observed. An in-
sufficient healing may lead to the formation of 
focal fusiforme outpouchings (Figure 9) that 
can be differentiated from serpentiforme par-
tially thrombosed aneurysms by their areactive 
(thin) vessel wall without evidence for throm-
bus formation in the vessel wall. This incom-
plete repair is followed conservatively. 
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